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Hydrogen and Tlelium :citollon in the Chromosphers
anc Chromosperio Mlered.

Ve.aaitivy V.ueSabolav,

3peo:roacopic invasi} ctious of fl.res,mado
ip recent roavs, shovw tha8 ih? natura of exoitol-
ton of hiydrosen cnd holium ctang 1 ai2’erent in
different Ilores. .ily the cppuarlno? of hrdrozen
euisston ic tyrlo.l of flaryes, she apyearcuce of
neliuw lines (mors frecueailr im nosoration) s
not neoessarilr coogupanied evea by oouparatively
ori_it flrres of tuportanee 2, Jvew more 30, 8
is shoun vy obsarvailions wade at sullovo during
1$%6-1998, adsorption in D, usurlly doe: not
ooincide with the region of maximus flare and oan
exist without a flara Lela3 vresent. In this
respect observati.ns of  speotra of limd flares
.re of special interest. The ovsarvations made by
7arin (1) at Saoramento Peak of tho limb flare 34
June 24,1556, showed that there whs & somevwhet
anomalous distrioution of intenaity im the
euission of the lines He® 4686 end He 4471,4713,
4522 ond 5673. Un »ril 23,1938 ws were also cule
to pnotograph a limd flare in a oouparatively wide
spestra) reglan,.hich showed the lincs .Ia 4472
aud 471) in emission. Je wvere not advle to dsteot
any treces of He*46£6, Neow there cun hurdlr Dde
any doubt that the hydrogan lines and those of
nautral and ioaised helium appedr under dilferent
shrsiozl oonditions 4n different parts ol the
‘lare. These oonditions way or aay no: be Hresent
in the difrerent ileres.
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Reoently we Proposed a model of the ohromo-

sphere (2), oonsisting of numorous small filcmeuts
vith temperatures and densaitics varying within
wide limits. These filawents can oonditionally be
dividad iato four groups: 1) the coldest 'metclliod
filaments whioh lecd to the oppaarance of lines of
neutrcl and often lonised metals,.i'h a temperature
ol not more than 6600°, 2) warmer “bydrogen* f£ila-~
ments, in whioch the lines of thc 3 lmar serien
recch maximum (7 7000°-8000°), 3) hot ‘halium-~
filaments, in whioh the linss of neutr:l helium
recoh mailioum (T 25000°), 4)high temperature
sudooromal flares vith T 100 000°- 150 000°,
whioh o .uge the 3m1s8101 of the line He* 4686,
Such a separation of the ohromosphers into fila-
ments with different temperatures .as found by
Velrat and L.Pravdule (3) from tho helium and
hydrogen line profiles. Suoh a oonsiderable
non-homo;eneity of the ochromosphere evidently
pointe to the absencoe of equilibrium states and
the nature of the dynamios of motion ol gaseous
motters Therelore the separcte filaments must ve
saort-living and the teuyerature and de.sity of
the ges must ohange rapidly with time, ‘e alao
thinkz that the ohromospheric flrras ave oompos=
od ol different filau.nts or layers with 4if exr-
eut tomperatures and densities, :
Tae density of ths gas whica causes h-dro~
aen enmission ia evidently not so hizh as was
asguiiod until only reoently, Jur observations do
not show any evidence of a line broadening of the
Jzlmer series from He to Hyp @nd Hy, due to
the Stark e:feot. There i. also no noticeabdle
sell-reversal 4in these lines. The fraunhofer
speotrum (£1_.1) cun be seen through th> broad
lines o7 the f{lore of % IX, 1957, Yswzver the
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hydrogen line profiles sho that above the flare

there 1s maltor ocausing lizht soatioring. This

motter gives rise to abuorption line profiles

vhioh are narrower than those of the emission

lines. of the fl.re ané not broesder than the ordin-

ary chromospherio lines.Bca3ides ejections from

the flere,predominantly dirocoted towards the

vhotoaphere, &re observed in emission 1in the

lines o? hydrogen and ionirod oalcium H and K(4)
In ordor %o interpret tae behaviouy of the

helium lines we undertook a detailed investi~

gacion of the problem of helium equilidrium,.

Previously tlLis problem had been considered by

us (2) witbont acoouniing £or photoiunization

from the level 2°8. Now, taking this faotor

into acoount and ~lso the role of japacts of the

scoond typrn for tac ievel 278 and other

f~ctors, u) ‘vera adla lo coapile precise tables

for the oocoupation numbers of various states

nnd for the oomputation of the first and

gaoond degree of heliun lonizatlon. Our tables

d1{ar somevhat from analogical tables publish-

ed oy 2irin (1), The new tables for the

chromosphere gualitatively lead to the same

results as the previous rough caloulations(2).

s the trcneitions between the higher levels,

for low electron concentration n., are due

madinl> o p.-vtospherio radiitionm, the ratios

ot the line intensities 4472, 51%3, 3888

Dy 3 %3
are practically constent fou all Te,belng
equal to ¢
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«0.01, 2282 .0.09
Dy

The flares shov thit the normal ratio of
tho intens®tted oF the lines .ie 5376 ,4472,4713,3809
oun change onls gor aizh eleotr>n ooncentrations,net
less than xo" ° This points to an extremely
high dousity of the "helium*® f1lo. ents ol the flare
ovserved by Sipta (1). In the majority ef ficres
the denaity o2 these filaments Bust ve Jegep,This
in general does not oontradiot the resulte of E.dustel
and .. Severny (%). Whe exosptionallr rare appearandas
of the line He' 4686 in prominences aud flares showe
that it cannot be ocused neitaer by ooronal radiation
nor by the ultraviolet radiation of the "helium”
£ilamentc thomselves. It app.nrs only in subooronal
f1laments whioh oan e formed during the transform-
ation of ohromospherio maiter into ooronal gas or
vice versa.
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ON THE PROCESS OF FORMATION OF TERRESTRIAL PLANETS

YeA. Krat

Many cosdogonical theories on the origin of'plsnotl
of the solar system meet with great difficulties
when explaining the division of planets into terrestrial plunets
and Jovian planets (1,2). We showed (2, 3) that the hypothesis

that the initial mass of the Sun was considerably larger than that
at present, and that the Sun subsequently lost about 80% of this
mass when passing through the giant stage, ocan gatisfactorily
explain the division of the planets into two groups.

Assuming, in accordance with all the authors of ocosmogonical
hypothéses, a homogeneous chemical composition of the gas-dust
nebula at some time asurrounding the Sun,we must suppose that,
as a result of the aotion of some process (or mechanism), a large
part of matter was removed from the zone of formation of terres~
trial planets. At this time almost all the light elements and a
part of the heavy elements, which did not form ohemical oompounds
(inert gases), escaped. Elementary calculations show that if
even 10-20% of all the mass of the planets was initially fine
cosmical dust, then the gas-dust nebula must have been opaque
for solar radiation already at distances of the order of kilome~
ters. Therefore the difference of ochemical composition of the
planets cannot be explalned by the penetration of solar radiation
into the initial nebula.We therefore supposed that both groups
of planets were formed sucocessively at different epochs,

According to the data of Ambartsumian, Vorontsov-Velyaminoy
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and Xrat (1, 3) the time during whioch the Sun could have been
& B, Be type star or a red supergiant cannot exceed 107 years.
The time of formation of large planets from the nebula ahould
not be less than 107 years (1,4). Therefors during sll the
time of formation of planets, accompanied by the disintegratiom
of the formed bodies, the concentration of dust was high. It is
patural to assume that the inner part of the nsbula, surrounding
the Sun, from the very beginning was completely evaporated and
no planets could have been formed from it. If we adopt T = 1600°K

as the temperature of the evaporation of the dust partiocles and
2.9 AU as the width of the sone of formation of Jupiter (whioh
was the first planet to be formed) it is easy to caloulate that
the initial mass of the Sun was 2.1 times larger than the
present mass and the luminosity 670 times higher. With decreasing
solar mass, as a result of thé ejection of matter by the Sun,
the luminosity decreased sharply and a possibility arose for the
penstration of separate oometary-like condensations and clouds of
dust into the inner sons. As the initial nedbula should have ocap~
tured 0.2.10'3 parts of the gaseous mass e¢jected by the Sun, the
final mass of matter of solar origin that was captured by the
matter of the terrestrial planets was of the order of the

* - Barth's aass. Under such.conditions the angular moment per unit
mass of that part of the nebula from which terrestrial planets
were formed should have decreased., A second ring of matter was
formed in the sone previously free of matter, According to calou=
lations (2) the central part of this ring should have been at that
distance from the Sun where the Earth was formed.The process of
sevaporation (sipilar to the process of evaporation of oometary
puclei) should have removed the gas component from the condensa~
tions and the dust of the inner ring. In the inner part of the
ring, from which Venus and Meroury were formed, hydrogen, due to
the dissoolation of water vapour, was removed completely. In
these planets (including the Earth) there was a deficiency in ths
pitrogen and carbon content. The inner gases escaped almost comple
tely. In the direct vicinity of the Sun, inside the orbit of Mer-
oury, no planets could have been formed. Evidently this is oconneo-
ted with that, that the process of formation of terrestrial
planets ended before the Sun became a normal star of the main
sequence, at the time when its mass was 1.9 times larger than it 4
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is now, It is possible that ratlosctive matter became a part
of the terrestrial planets together with that part of the mat-
ter whioch was ejected by the Sum.
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SOME REMARKS ON THE PROTOPLANET FORMATION

E,L.Rouskol

The hypothesis on the origin of plansts from massive proto-
planets of cosmioal (solar) composition cannot satisfactorily
explain the chemical composition of present planets, their rota-
tion and other observational data,

It may be of interest to disouss some additional diffioul~
ties of that hypothesis., They are connected with properties wioh
aust be ascribed to the primary nebula in order that the latter
ooulld be broken up by gravitational instability into massive
protoplansts.

The oondensations formed in the nebula can exiat in the
nebula only if they resist against the tidal action ‘of the central
body by their own gravitation.

For the condensation of mass ™ self-gravitation along
1ts axis r directed to the sun exceeds the solar tidal force
at

20 5200 (1)
where o 1s a coefficient depending on the form of the body.
Por a spherical condensation ( x =1; M = 4/3 Gprd ) this oor—
responds to P >2ps , wherep = is the "expanded® so-
lar density at a distance Q.

For a flattened ellipsoid of rotation with semi-axes r,r, h«r
(X=2; ns= 4/3Jv}1r“h ) this oondition gives:

’P >Pn’% (2)

Y3 Fa?
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In the case of condensation formed by the gravitational instabili-
ty we can put its small semi-axis N  roughly equal to the
scale-height of the nebula H and 1dentify its horisontal semi-
axis r with the Jeans' critical wave lenght A .Acoording to
Gurevich and Lebedinsky (1950) in the mebula with differential
rotation around the central body

ro~
' 13 (6]

Because of such flattened form of condensations the usually .ooop;
ted Roche density
PR = \OP“ (4)

must be oconsidered as a minimum value.

As concerns the enormous protoplamets of G.P.Euiper (';':'%102)
the condition (2) would lead to

‘p:mp>'103pn

The major part of the matter in the nebula of solar composi-
tion was in gaseous state because of great abundance of non oon-
densed hydrogen and helium,If there were no appreciable sedimen-
tation of solid particles toward the equatorial plane, then the
dynanical behavior of the nebula was detsrmined by gas at every Z.
In the case of laminar rotation of the nebula thermodynaaioal
fluctuations of the density were negligeably small, thersfore
the necessary condition for the formation of condensations

everywhere in the equatorial plane was:

o > Pa

In the presence of turbulence (which 1is very doubtful for any
Reynolds number as it was mentioned by H.Jeffreys in 1952 and
shown in detail by Safronmov and the author, 19%6, 1957) the con-
dition (%) must be satisfied too., Indeed, every density fluotu-
ation created by turbulence would disperse, if it does not satis-
£y the two criteria of Jeans and of Roche, The scale of turbulen-
ce cannot exceed the scale-height of nebula H .According to

(3) non dispersing density fluctuation must have horisontal di-
mensions A>10H > 10l (that 1s to be greater than 102 ot

mean sigze eddies). At the same time it must have the Roche densi=
ty Pa e Only if during the turbulent stage the density in the
nebula approached _Pa there would be some probability of crea-

&)
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ting stable fluotuations oapable to grow up.

In theKuiper's model of nebula with mass 0,05 - 0,18 the
density in the median plane of nebula hardly reached a tenth of
Pa. Therefore even if turbulence did exist in the nebula,
its role in providing initial fluctuations for the protoplanets
would be negligeably small and the breaking up of such nedbula

into condensations would be impossible,

G.P.Kuiper's formulae for A !

X > 0,08(5)"a (1951)
}\>o,o7(;’; Yr1ha (19%6)

seem to give the possibility of break-up of nedbula at the density
muoh lower than s o But they are obtained by formal introduction
of fPr into foramulae of Jeans and Ledoux for A 1in non-rotating
medium and really they do not take into account the Roche crite-
rion., Therefors these formulae are not acceptadble for the proto=-
planetary cloud,

Prof.Kuiper gives a reference to the paper of Chandrasekhar
(1955) which shows the Jjeans oriterion to be unchanged in the
presence of rotation, But Chandrasekhar's oase is the rigid rota-
tion of infinite medium without tidal forces of central msss and
cannot be applicable to the solar nebdbula,

Let us calculate the mass of the nedbula needed for the
formation of gaseous protoplanets.

The mass of the nebula is:

. M=, 27 s(@da (6)
The total mass per unit area s() in a flattened nedbula with
a given P.(0) can be obtained from an equation of the equilibrium
in 2 - direction at a distance (@ from the sun:

1 d GCMez ~ }
TP ﬁ = gtk T 456 ‘ pdz n

taking into account both solar and nebular forces of gravity in
% - direction. Almost the whole mass of the nebula was an \11
reglon and we can take it roughly isothermal in Z - direction

and put dp RTd
dp _Rige 8
dz modz ()
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¥¢ can also neglect :' with respect to u' .Then differentiating

(7) we obtain a non linear equation of 2nd order which is soluble

ar
for g: ¢

7 u- P
- ::__p Vaq:' (ro- P "ZQGTZ“:L (9)

Po  being the density in equatorial plane, Ledoux (1951) obtained
a formula for p(z) in non rotating flattened nebula;(9) is
a generalisation of it for a rotating nebula,

The total mass per unit area is:

G=2Tf’d‘=u son " 1Y) (10)

where 3(3') is a numerically calculated integral depending on
the ratio 5‘:-’;—::
i
“ d T
3(3)=%5 —_—L"s o y=3, - (1)
In Ledoux’ case J=1, for the Roohe density (;— i‘b ) 3=09
The mass calculated for the case of Roohe density (4) 1in the

equatorial plane, ji =2,4 and the distributions of temperature
accepted by G.P.Euiper, is given in Table 1.

Table 1

The mass of the Erotogla.netarz nebula expressed in solaxr
masses

1
:Bla.ok |Kuip0r xuipor llnu Mass of
body |1 951 2 laccording present
1P es | _ doorx BPPIOJ!:) {to Kuipe} Planets
T= Fa-rrl Oau 'T‘- const= 28K !
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T
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;0' 05"'0 ] 1
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1
i
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The mass of primary nebula must be very great.Even for very low
temperatures it cannot be less than the solar mass. This 18

‘30 times greater than the present mass of planetary system plus
light elements. It 1s the first diffioully of the hypothesis

on gaseous protoplanets,

Secondly, masses of condensations in such a nebula must he
of the order of 1029- 10}0 g, 1.0, comparable with great planets.
There would be some tens or hundreds condensations in each plane~
tary zone.The evolution of such massive and numerous condensations
e.g. into a few small terrestrial planets seems to be impossibdle,

For the formation of extended condensations almost touohing
one another in opposition a mass of nebula of order of 10o is

needed.Byt this is quite unreasonabls.

At last a very violent factor is necessary for the removal
of the great excess of matter from the solar system. The solar
corpuscular radiation may be the only effective mechanism, as was
shown by G.P. Kuiper (1953).With Biermann's value for the intensi-~
ty of the oorpuscular emission he obtained the desirable- rate of
dissipation of 0,1 e from the interplanetary space (the dissi-
pation of a half of this amount from protoplanets being not ocalou=
lated in detail).However the Biermann's valus for the intensity
of corpuscular emission is exagerated by a factor of 10‘ - 10’ as
compared with the recent estimationss

Table 2

Intensity of solar corpusoular emission

Bierman (1951) 8 10%2 g/year=0,120 /3-10° years
Van de Hulst (1950) 5,10'7

Kiepenheuer (195 ) 1,5 10'8

Mustel (19%6) 6.10'7

Nikolsky (19%6) 9.10'7

But even the Biermann's value would be insufficient for dissipa-
tion the mass aotually needed for the gaseous protoplanets hypo-
thesis. If we suppose the necessary activity of the sun in the
past we get a much greater mass of the ancisnt sun (and of oourse
of primary nebula) than its modern value which is not consistent
with recent ideas on the solar evolution.
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The difficulty with great masses of the nedbula and of oonden~
sation does not exist in the case 1if only the layer of solid
particles in the cloud was broken up into condensations (the pro~
oess considered by Gurevitch and Lebedinsky). This can be poalibIﬂ
after the sedimentation o? solid condensate to the median plans
through the gas. As it was shown by gafronov and the author
(1957),this sedimentation occurs 4n a sufficiently short time.

Such are the additional considerations against the hypothe~
sis of massive protoplaneta.

——————
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ON THE PLANETARY DISTANCES AND MASSES

B.J.levin

Prof, 0.,J.Schmidt has shown that the growth of planets by
sweeping up smaller bodies includes some competition between the
neighbouring planets, whioh regulates the distances between the
orbits,

If two growing planets (planetary embryos) acquire orbdits
too close to each other they will soon sweep up bodies moving
between these orbits. The further growth of the imner embryo
of the pair will proceed mainly as a result of aqoumulation of
bodies moving closer to the sun and having smaller specifio angu-
lar momentum, Therefore the specifioc angular momentum of the
embryo, as well as the radius of 1its orbit, will deorease.The
outer embryo of our pair will add mainly the bodies of greater
specific angular momentum and the radius of its orbit will inorea-
se., The orbits will shift apart until they are stopped by the
competition with their next neighbours,

Deducing in the simplest way the law of planetary distances
established by this competition process prof,Schmidt suggested
that each planet had a fixed feeding zone with sharp boundaries.
This leads to a formula

V& - JR,_; =const =b or {i; =a+bn

which represent falrly well the distances of terrestrial planets
and of distant planets. In the latter case the oonstant b 1is
5 times greater than for the terrestrial planets:

It is clear that the width of the feeding zones is closely
connected with the orbit eccentricities of the swept up bodies.
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In 1950 Gurewitch and Lsbedinsky had tshown that these bodies
weres formed from the dust component of the eircumsolar proto-
Planetary cloud, Therefore they moved at first along nearly cir-
cular orbits lying in the plane of the flat disk from whioh they
originated. Only later became their orbits more and more elongated
having inclined under the influence of their mutual gravitational
attraction, Although a a quantitative treatment of this prooess
is very difficult, some qualitative conclusions can be made,

Perturbations occurred more frequently in the denser part
of the swarm, Therefore the dispersion of eccentricities was
rapidly increasing and the massive planets accumulating there
acquired wide feeding zones,It explains ehr the suter plantes
are situated at greater distances fro- .ue another than the
small terrestrial planets, It explains also the correlation

‘ patween the masses and the distances found by Kuiper not only
for planets, but also for regular satellites;

The planetary embryos being the largest bodies in their
respective zones produced the larzest perturbations in the motion
of other bodies. For terrestrial planets even a relatively close
sncounters produced only small orbital changes, This provided
a sufficient width of the feeding zones, but the ejeotion of as~
teroidal bodies into other zones played an unimportant role.

In the course of time the overwhelming part of bodies from each
gone were accumulated into the corresponding planotx). The masses
of the terrestrial planets are predetermined mainly by the mass
of 50114 bodies and particles present in the zone of their forma-
tion,

The glant planets are more massive and are situated far from
the sun, so that its gravitation 1s small in their regions., Thereé
fore bodies passing a growing planet at a distance of its several
radii could change their motion from nearly circular to nearly
parabolic or even hyperbolioc ones,

If we take the velocity of escape from the surface of a
given planet as indices of its perturbing capacity we see (table
I) that for more distant planets of this group these capacitles
are about the same as that for Jupiter, in spite of their smaller
masses. Considering the increase of energy instead of the veloci-
ty a similar result is obtained,

x) The small mass of Mars 1s probably due to its voracious
neighbour - the Jupiter.. .

o
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Planet /AN

Earth

Jupiter 5,4
Saturn 4,0
Uranus . 2,8
Neptun 2,4

When the effective criss-seotlon for large perturbations
became many times greater, than the effective cross section for
direct collisions with the surface, further growth of a planet
was stopped, because the bodies that had to be swept up were
ejected from the feeding zone. The further from the sun the
smaller mass is needed for such ejection. Accordingly the plane-
tary masses decrease from Jupiter outwards, These are the grea-
test limiting masses for planets formed by the sweeping up process
independent on the initial mass of the solid matter in their
feeding zones,

The calculations by V.S. Safronov have shown that if the
mass of solid bodies and particles distributed in the feeding
gones of Uranus and Nepture equalled the present masses of these
Planets, their §fowth1gould require enormous periods of time of
the order of 10 - 10 years. Only if the initial mass had been
greater for several orders of m&gnitude, could the accumulation
be reached in an acceptable period of time.Excessive mass prodably
existed also in the feeding zones of Jupiter and Saturn,

The bodies and particles in the region of glant planets
had icy composition,Their ejection on nearly parabolic orbits must
be the formation process of the Ooxrt's cloud of comets.
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V.S.Safrornov,

The sccumulation of terrestrial planets.

1+ Basing on the idea of the dominant role of solid mat-
ter in the process of planet formation we have recently stu-
died the mechanism of planet accumulation. The formation of
bodies from which the planets have grown is congidered as &
result of damping of irregular motions in the protoplanetary
gas-dust cloud, of separation of dust from gae (sedimentation
of esolid particles towards the equatorial plane) and of break-
up of a flat dust disc into .umerous condensations due to
gravitational instability. The condensations had originally
rotated ( preferably in direct sense having in average the
positive angular momentum of condensed region ) which pre-
vented their contraction. However, as it waa.shown by the
author (1958b) the collection of condensations wae accompanied
only by very slow increase of angular momentum and caused
rapid contraction. Increase of the mass of condensation by
a factor of several tens ( to sbout 1024 10253 at Jupiter's
distance and 2-10183 in the earth' gzone) was sufficient to
"transform the condensation into a solid body with the densi-
ty of the order of a unity. There are no- grounds to suppose
the existance of "secondary condensations™ with different
foeatures of growth introduced by Gurevitch and Lebedinsky.

Critical density could be attained in the disc only if
random velocities were small, less tnan Ve = 6 Me
where § is the mass per unit area of the disc, . At
the distance of the earth from the sun Vo 13 a few
cm/sec and at the Jupiter's distanse ~ 2-102 cn/aec.,
One can hardly imagine the ideal symmetry of the cloud and
absolute absence of even smallest irregular motions. Hence
it wus poesible that in the inner region of the cloud gra-
vitational inetability did not occur at 3ll and vodies accu-
mulated directly from particles. ‘

Thue the eolid condensate of the protoplanetary cloud
had transformed into & swarm of bodies at the early stage
of its evolution., The swarm, initially very flat, gradually
thickened while the bodies grew and their mutual gravitatio-

nal perturbationt increased.
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2. The growth of planet "embryos™ as a result of fall on
them of bodies and particles was studied by O.J.Schmidt (1945)
snd further by the author (1954, 1958a ). The rate of the mass
increase can be written in the form

= rxylpv = "PL"z,‘O'(t)

dm

dt (1)
where "M and 7T, are the mass and effective radius of

the embryo, P - period of the revolution around the sun,
¥ - probability of "coagulation"™ at a collision ( F=f{
was usually assumed), V - velocity of bodies and particles

with respect to the embryo.

One may consider that in the earth' zone total mass of
so0lid matter remained constant. Then the mess per unit area

- §(t) =0,(1-g) (2)

where (L 1is the present mass of the planet. It can be shown
that small particles were swept out rapidly by numerous lar-
ger bodies and were thus not important for the growth of the
smbryo. Hence we can take as 7, the collision radius lanyie
The relative velocities of bodies were due to gravitational
perturbations at their encounters with more massive bodies.
The value of 7V~  taken by Gurevitch and Lebedinaky has the
simple meaning ~ the equality of double kinetic energy vy
of relative motions of bodies to the potential energy of
their interaction at the closest encounter Gm/2 .
This gives right dependance of UV on mass and radius of
the embryo, but the factors diminishing relative velocities
being not taken into account, the true value of UV~ must
be something less. We have taken V‘-g—’,{" where & equals
several units. Then T, = (/+28)7" and one can find m(t)
from (1). Some uncertainty is introduced by €  which is
not exactly known. Calculations (1958a) at @, = 10 ’lcm."
lead to the following results. The earth has reached 99%

of its present mass during 108 years 1if =3 and
during 4-107years if § =0  .(0.J.Schmidt obtained much
slower rate of the growth as he sssumed the velocities to be
high and took the geometrical radius of the embryo). The
surface temperature of the growing earth due to the shocks

of falling bodies was low - less than 350 - 4000 K even at
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the maximum bombardment. ( In the previous paper (1954) the
calculations were made for several constant values of V .
New results with gradually increasing V correspond to the
lower values of temperature obtuined carlier).The inner parts
of the growing earth were hcated due to the radioactivity
and to the contraction under the pressure of newly layers.
The temperature was maximal at the centre of the earth,
1000%K beirg recached to the end of the first 108 years.

The temperature gradient was about -0%03 per km.

As the meteoritic matter falling now on the earth 1is
not the remnant of matter of the earth' "feeding" sone, the
rate of its infall cannot be used for the determination of
the age of the earth by the formula (1).

The heating of the Jupiter's surface during its growth
was greater and exceeded 1000°K. This may explain the higher
deneities of Jupiter's inner satellites.

The outer planetsy Uranus, Neptune and Pluto grew much
slower because of greater P and lesser 6§ in (1) .
Théy could reach their present masses in the cosmogonic time
only if the initial density of matter in their region was
considerably higher than the density calculated from the pre-
aent mass of the planets. A similar conclusion is also made
in the theory of the origin of comets , cometary cloud being
supposed as & product of ejection of bodies from the outer
zone by massive embryos.

3+ The breaking- of bodies at their collisions prevented
the complete sweeping out of smell particles by bodies and
maintained the opacity of the swarm for a longer time. The
disruptions led to sreat differences in sizes of bodies.
That in turn weakened the destructivity of collisions which
are more dangerous for bodies of equal masses. For the most -
massive embryoe the collisions with other bodies were the
least destructive, the kinetic energy of the shock exceeding
orly slightly the gruvitational energy on the surface of the
enbryo ( v’/zg' = //2¢ <<{ ), At collisions a lirge part
of energy transforns into heat. Hence after the collision «
greater part »f broken material should return to the embryo.
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One can believe therefore that the disruptions 414 not change
the mean features of the process of erdbryo growth. Some retar-
dation of growth was partly compensated by the decrease of re-
1ative velocities of bodies ( increase of § ) that acce-
Jerated the growth. The uncertainty of the product ¥Y(f+20)
in (1) 4is not more than that of ¢ and the overestimation
of the rate o“ growth when taking r={1 jg probably wholly
compensated Lacause of somewhat underestimated value of 0

One can roughly estimate the amount of matter underwent
disruptions during the whole eccumulation process. Por the
simplest case when the swarm consiat of egual bodies the part

[ of their total mass would pass through disruptionss

p = 4—("_”"-)' , where f§ = probability of break-up n't. )
collision. Disruptions would probably begin at m,~10"4
Taking for example f =01 and M,/m 240’ we find pmoF .
Therefore the larger part of the total mass of bodies has
passed through disruptions. Repeated break-ups and collections
of the bodies of different masses, internal temperatures
and pressures have led to the formation of various complicate
structures similar to those we observe in meteorites.

The study of the accumulation process with acconnt of
break-ups of collided bodies requires the elaboration of
the mechanism of break-ups iteself and also of the knowledge
of more exact value of relative velocities. Then it would be
possible to find in particular the distribution function
of body sizes and to investigate its chansing with time.

4., The full analysis of the accumulation process must
also take into account the nggaynmetry" of shocks of bodies
falling on the embryo that lead to the planet rotation.
Increase of rotational momentum of the embryo may be written
in the form

aK = «viam.
The simplest assumption about the constancy of o 8t v~\/$
reads to K~m and w = const, i.e. to the approximate
equality of the periods of rotation of the planets, which i»
in a rough agreement with the facts. It would be desirable
to find o theorctically, frou the statistical examination

of the thrce body problem, and compare it with the value

corresnonding 12 'he present pla ctavy
phihaelary rota
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Quantitative avreement wo.id ve a good criterion of ocur
conceptions.

5. The process of growth of the major planets was compli-
cated by the following factors:

a) Dissipation of matter from this region:

b) Accretion of sas by the most magsive embryos.

c) Possible selidificatisn of a part of hydrogen.
It would be very desirable to ascertain whether the tempera-
ture in the outer part of the protoplanetary cloud could be
.as low as 4 - 8%k which is necessary according to Urey(1958)
for an effective condensation of hydrogen (and even lower,
as far as the Roche deneity was probably not reached in -he
gaseous component of the cloud).

Solution of these questions ie necessary for aprroaching
a quantitative analysis of the accumulation process of major
planets.
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v.1.rRASSOVSKY

Inotitute of Phycics of Atmosphere
Ac.acmy of Sci.nces of the USSR

THE SOVIET EXPLORATION OF THZ JONOSPHERE BY MEANS
OF ROCKET AND SPUTNIKS.

.

SumnaAary

1. A group of Saviet scientists since 1954 have been in-
vestigating the lonosphere by meens of very high frequency
dispersion interferometers inotalled at the rockets. The dietri-
bution of electron concentration up to the height of 478 km
has been obtained. It has been found out that above the maximum
of Fz -leyer at the height of 290 km to 473 km the electron
concentration varies fron 1.8.10b tol’.o.lo6 electron cm
respectively. Under the maximum of PZ - layer it has been found
no strongly pronounced layers of the ionoephere. Ian general,
jonization continuously increases fro. the bottom up to the
maximum of the F, = layer with many small maxima. The F =region
and the maximum of the ’2 - later are located 50-150 km lower
than the results of usual ionospheric probing show.

2. A N.K-zantsev, Y.L.Alpert and oth. heve investigated
the intensity level of radio signals of the Soutniks. They
have found out that Prlayer abesorbs the radio waves of ultra
short wave range. It has been discovered that the sputnik’e
signals (20 mc) are received at a distance of tens of thousand
km;, that indicated to some unueual ways of radis wave propasza<
tion from the ioncephere above its ionization naxinum, Tue
scientists have investigated the phenomena of the’radiodawn’

.ré 'padio set’.They have managed to receive pure observations
of these phenomena only in a few cases out of many.thousand.
Tn.re exists an idea that according to a certain regularity of
the electron concentration with height 1t is possible to make
esme eetimatione of the electron concentration above the maximun
of the F=region. Such estimations are of uncertain character.
The investigations of the intensity level of the sputnikis radic
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cignale #ive a qualitative irdicati-n to e alsw decrease of the
clectron cancentr-ti-n ~bove the mnximum »f the Fz- layer.

3. Ancther gr-up cof the recearch workers hna conducted
the investizati~n ~f the isncsphere by icn traps and probc chu=
racteristice, the cquipment borne by the third sputnik. At
the helcht of 242 kn the density of positive ions 5,2.1
and the c¢lectron temperature of 7000°K have been recorded during
the day time. At tte hei;ht of 795 kn at the same day the densi-
ty of ions 1.8. 105 cm~® and the electron temperature higher then
15000°K tave been recistored.

4. The indicated investigations show that the ionosphere
msdel constructed according to the data of usuel ionospheric
probing needs to be ravised. There exists a large scale height
for jonizcd particles that well agrees with that of the upper
atmosphere resulting from the observati~ns of retarding the
sputniks. Thc increase of the electron temperature with height
as well as its increase in gaseous discharge can be explained by
the increase of the length of the electron free run, the electroe-
magnetic fields being present in the ionoephere. Such fields
can ariese in the process of circulation of the electro-conducti-
ve upper atmosphere in the magnetic field of the Earth when it
is affected by the magnetic flelds freezad into the corpuacule
fluxee of the Sun and interplanetary gas passing by the Barth.
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THR AKCTIC GCIENTIFIC KESEARCH INDTITUTE

~"ON THE NETHODIC PROBLENS CONNECTED WITH CONPARING

LiACNETIC DISTURBANCES OF THE ARCTIC AND ANTARCTIC®

By A.P.NICCLSKI
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Sturiles vl bhe retive in the ARe
¢ A2 tro Internaticnnl Goophyeiacl Year,In
analyzirq tha evrgervitiencl Antn on rmecnetic disturdnnoes neaes-
s8ity rrioeo o acrroring regneteogruns ceminz frorm the stetions
in the Arctin end th Antonscis.Th: pretlem —ill necesserily
8tnnd cut .3 tA ~hi~% Af t¥e atrticns in the Antarctic ern %o
most profit-tiy errjored mith sultrble steticns in the Aretie.

It 43 2l.nr thnt the choalze ~7 strticons besed on the oln-
se proximity o¢ thelr gergreorhical crordinates cruld not be
oonsidered since peculierities of mognetic disturbances are de-
pendent mainly en their gaonagnetic latitules, Yot choosing
eormparatla stoticns rerely cn the grounds that thelir geomagnee~
tiec latitudes ere clese Moy alss proove te he undatisfaoctory
for it is epporent that lengitudinnl effects have their lefi-
nite part in the phenbmencn of mognetic disturdance,Attempts,
for exonple,et sor.paring muagnetcgroms from stn;ion "Mirny"

(y = 5f.6%; { =03.1%5,F =77.07) with those from "Tikhoya
Bay" Uf -80.56; k =52.8°E:.# =71,5) have not proved sucoess-
ful though their geomagnetic ccordinates are close conparati-
vely speaking,

The coneclusicn dravn by the Arctic Institute fram their
study ~f magretic disturbonces permits of suggesting certain
recomr< nlotisns in this respect, '

It has heen pointed out {1) that the isochrons of the
morning maximum of magnetic disturbances in the Arotic repre-
sent a system (f erirals criginnting et the pele of uniform
magnetizatisn and devalering clcckwise,fig.l, Ve deem it ox-
redient te apply this law in crier te dotermine which stati-
ons in the ;rstic snd Antafctic c01ld e suggested as cenmple-
ratle,at lenst in the sonse of ccmparing the nagnetio dis-
turbences prodfucing the morning maximun.

It follows frem Stérrer's treory that in the Antarctio
the isochrons-spirals »f the cerpuscle preoipitation-are %o
devalap counter cleckrise since, judging by the cbservetions
conlucted in the Arcstic,the nm-rning moximum seem to be couscd
*y pasitive porticles-the pretons,by ell prebebility.On the bo-
sis af the ctservaticnol d-ta obtained ct the stations in the
interetic and ucted by Stagg in his vork (2},
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Cape Leniscs ot A a2, E i 205,57 ong

Gauss Lrng ( f = .27 L = 29,57, /:p = 76,1%)

Ve have plctted n svatem of {sockrons of the jntarctie syrn:etric-
81 vith thess cf the Arcting,

At rresent, ;.K.:énko had ccrpieted his treasment ér the
ncenetlc observaticn datn ottaired “t Station "lirny" {n 1956-
1957, It has been established thet the tire of setting in of
the morning muxinum of magn-tic disturdbences nt this station
¢oincides to 2n hour with the isochron for the region of stetion
"Mirny", dravn up earlier at tre time vhen 1its observational
results hzd not yeot been mede evellable, This proves that tho
isochrens of the settingin of the mavnetic disturbance morning
meximum for the Antarctic ere apparently true,

Fig.,2 shors ¢ map of the snt rctic on “Lich the isochrons
of thc morning maximum of rognetio disturbances hnve been plotted,
There are nlso, riarkad Tith dots, the 30 Antarctic stetions at
“hich it is proposed to-cendust nagﬁetic cbecrvetions during the
Interncticnal Geophysicel Year (the nemes of these staticns end
their coordinntes are given {n the ettached list),

Should e tnke the maps cf isochrons for the .rctic and
lntarctic -s n» storting point then, rLgnetogrrris from station
"Mirny" shculd Eprrrently be dest ccrpared “ith those of the
staticns situcted cn either the north and ~est coast of Iceland
or on the east-rn ccest of Greenland, between 65 pnd 750 Geo-
graphicnl L-tituda, Correspondingly, comprring other stntions
c¢n” sheuld proceed from the vieTpolint of their loeation in
relaticn te the isochrons of tro rorning mnxirnunm of magnetic
dieturb nces.

AU the present tire, * hen the cbservnticr data from the
sntoretic r-pnctic strtions trret ~ork to the rrograr of the
Interneticnel sucphysical “eer, hav: partly bveen alrecdy
troeated 1t 15 very esaontinl te eccortain Yev clcse is the
correspondency of the observaticnel data “ith the iscchrons
drawn up for tlc .ntarctic,
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VoA ALZZANDRCV, MLILTUSCVEIN, VI VAROTCKY.

THE MAGLZTIC FILLD OF '..GUETIC DISTUR-ANIZS IW THE

e

P Ve v mm .
LF\:TaV Farves et nilvdavdde

1. The problem cf distrituting the fi10ld of magncotio
disturbences on the Zarth's surfcce hns not bucn solved until
no® duc to the 1=k of the ¢xperimentnl dntn bceruse the
existing netrork cf maen2tic otservutions offers no opportuni-
ty of setting up such n predblem. Thnt is ~hy the cnly vty out
i1s the organiscticn of tempornl at-ticns for reeerding rngnetic
disturbances ~ithin ¢ short period of time on & ecnparetively
small arec,

2. The nttempt to sct up such stations were made by tho
Research Institute of the arotic Ceology vhich hes becen conduo-
ting observations of magnetic variaotions during the summer
months of 1953-1757 at 6 or ? stations loceated 1n the north-
western part of Siberln.

The stetions wore situated 150-200 km, frem eech other
ond operatcd annuelly from March to September,

3, These observation resulte together vith those of the
adjoining mognetic observetories shoved that not only esoh
astation had 1ts own veriations of magnetic disturbances but
alse each disturbsnce hed its own distribution of the ficla,
Thesc fects indicate that the source of the disturbenoca
{8 distinctly limited cnd mobile,

4, The preliminery processing of the odbscrvetions comprised
the determinetion of the ebsolute wvalues cf the varietions
of the vertical ond horizontel componcnts of nny storm by drte
of 2ach stction cnd plotting them cn the raps mith different
moments cf time to ccnstruct isolincs for the given fulolul-3 1}
cf time plotting the vceters of the horizontal component
cn the latt:rs,

5, These meps make it possitle to cstrblish the folloring
fects:
£) the cpicentres cf the disturbences ere leccalized betreen
the meridliens of the Tixi Bay end Mrpiker frequently loTvering
bolow the pcler Cirele,
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b) ne-rly rt all the piriods o7 the dry the Surront 1istur-
panczs sho™ thot the prinoipal yim-oticn of the e imum
gradient cf f1£14 intonsity 1is ~-rilicnnl ~hich tostirics

to the strectzh  cof currcnt lines in the jcnosphero in ¢
1atitudinnl dircction,

¢) as a rule, thre isclines cf thre herizontal corpcnent cubr St
epicentres ¢f the verticeal cerponent of beth signs bulng of
¢ moximum velue on the 2ero {soline of the verticel compo-
nent; this elso sonfirms the 1.titutidinal character of

the current lines.

6. The compariscn of magnetic and ifoncspheric disturbences
from observnticns at the tirny staticn in .ntcrctica nede
in Moy-August 1957 shoed that mngnetic disturbenccs,cspecicl-
ly those mith the amplitude of the vertical conécnent being
much lesscr then that of the horicontel cne, ore zrused by the
speradic leyer £ of e screcn type.

7. AS the rehaviour of the ioncsprere in antrreticn is
govcerned by the same 1nws as in the arctio desplite sorme
peculiarities therc OT2 MOTS grounds to assunc thnt the
scurce cf mognetic disturbrnces cn polnr regicns of the
Northern ilermispher. i{s the layer E also,
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